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Phenylacetaldehyde. Phenylacetylene (10 mmol, 1.02 g) was
hydroborated with disiamylborane (20 mmo}, 20 mL) for 1 h. The
resultant vinylorganoborane was oxidized by adding water (10
mL) and sodium percarbonate (3.69 g, equivalent to 30 mmol of
hydrogen peroxide) at room temperature for 2 h. GLC analysis
(SE-30) indicated a 97% yield of phenylacetaldehyde. Distillation
afforded 1.03 g (86%) of phenylacetaldehyde: bp 76-78 °C (8
mmHg) [lit.®® bp 88 °C (18 mmHg)}; 'H NMR (CDCly), § 2.8 (d,
J = 7Hz, 2 H,CH,), 7.1 (s, 5 H, ArH), 9.8 (s, 1 H, CHO).

4-Octanone. 3-Octyne (10 mmol, 1.1 g) was hydroborated with
disiamylborane (20 mmol, 20 mL) for 1 h. The resultant vinyl-
organoborane was oxidized by adding water (10 mL) and sodium
percarbonate (3.69 g, equivalent to 30 mmol of hydrogen peroxide)
at room temperature for 2 h. GLC analysis (SE-30) indicated a
100% yield of 4-octanone. Distillation afforded 1.0 g (85%) of
4-octanone: bp 75~77 °C (40 mmHg) {lit.?> bp 70 °C (26 mmHg)];
'H NMR (CDCly) 6 1.0 (t,J = 7 Hz, 6 H, CHj), 1.5 (m, 6 H, CH,),
2.5 (t,J = 7 Hz, 4 H, 2 CH,CO).
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Summary:  The triosmium complex HOs4(CO)y4-
(OCNHCHMe,)I,, (3b) was isolated as a minor product
from the reaction of HOs,(CO),(OCNHCHMe,) (1) with I,.
An X-ray characterization of 3b reveals that the unsym-
metrical carboxamido ligand controls the regioselective
addition of the iodine molecule onto the M—M bond. The
species that result from the cleavage of different M-M
bonds exhibit distinctive chemical reactivities. The
cleavage of the Os-Os bond neighboring the Os atom
with oxygen coordination yields the stable complex 3b.
However, the cleavage of the other nonbridged Os-Os
bond gives the isomeric intermediate 3a, which then re-
acts with another 1, to form the dinuclear complex Os,-
{CO)s(OCNHR)I, (2-cis). The difference between the re-
activities of 3b and 3a demonstrates the influence of the
activating ability of the oxygen atom of the carboxamido
ligand.

The addition of an 1, molecule to (u-H)Os3(CO)olu-
OCNHCHMe,) (1) causes a cleavage of the trinuclear
cluster.! The reaction produces two kinetic products, the
mononuclear trans-HOs(CO),I (4-trans) and the dinuclear
osmium complex cis-(u-1)0s,(CO)s(u-OCNHCHMe,)I, (2-
cis).?® Complex 4-trans then transforms to the thermo-
dynamically more stable complex 4-cis.! Recently we
found that 2-cis in solution slowly isomerizes to the more
stable 2-trans.?® The production of two kinetic compounds
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(1) Lu, K. L.; Chen, J. L., Lin, Y. C.; Peng, S. M. Inorg. Chem. 1988,
27, 1726-1730.

(2) (a) The term cis here refers to the disposition of two terminal I
ligands with respect to the Os—C=0—0s plane. (b) Ly, K. L.; Lin, Y.
C. Submitted for publication.
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Figure 1. OoRTEP disgram of HOs;(CO),((OCNHCHMe,)i, (3b),
showing the atom-labeling scheme. Selected bond distances (A)
and bond angles (deg) are as follows: Os(1)-0s(2), 3.1115 (14);
0s(1)-0s(3), 2.9545 (16); Os(1)-C, 2.096 (16); 0—C, 1.281 (17); C-N,
1.362 (18); N-C(1), 1.484 (21); 0s(2)-1(2), 2.7163 (18); Os(2)~-0,
2.085 (9); 0s(3)-1(3), 2.7343 (25); 0s(2)-0s(1)-0s(3), 108.05 (4);
0s(1)-0s(3)-1(3), 92.60 (6); 0s(2)-0s(1)-C, 62.9 (4); Os(3)-Os-
(1)-C, 170.9 (4); C-0s(1)-C(11), 96.9 (8); C-0s(1)-C(12), 94.1 (8);
C-0s(1)-C(13), 89.8 (6); Os(1)-0s(2)-1(2), 93.60 (5); Os(2)-0-C,
113.6 (9); Os(1)-0s(2)-0, 65.2 (3); Os(1)-C-0, 118.3 (10); Os-
(1)-C-N, 123.9 (11); O-C-N, 117.7 (14); C-N-C(1), 119.4 (13);
1(2)-0s(2)-0, 89.0 (3); N-C(1)-C(2), 106.0 (15); N-C(1)-C(3), 105.2
(14); C(2)-C(1)-C(3), 113.7 (20).

indicates that the reaction should be controlled by an as
vet unspecified pathway. Described herein are the results
of the spectroscopic observation of an intermediate, which
we propose as (u-H)Osg(CO),5(u-OCNHCHMe,)1, (3a), and
the isolation of the minor isomeric complex 3b. An X-ray
characterization of 3b reveals a regioselective addition of
the iodine molecule to the triosmium cluster, controlled
by the presence of the unsymmetrical carboxamido ligand,?
and implies a stereospecific control of two kinetic products.

A 'H NMR examination of the freshly prepared CD,C-
OCD; solution containing complex 1 and 1 equiv of I,
reveals the presence of four hydride species: 4-trans,
complex 1, complex 3b, and intermediate 3a, at § -11.8,
~-13.4,-16.9, and -18.2, respectively. The intensity of the
resonance at 6 —18.2 increases at first and then, with the
simultaneous production of complexes 4-trans and 2-cis,
slowly decreases, disappearing within 2 h. This indicates
that the species with the hydride peak at 6 -18.2 is the
intermediate that leads to complexes 2-cis and 4-trans.
The intermediate is too active to be isolated, and its
structure cannot be discerned from the NMR data alone.

The minor complex 3b, with a resonance at 6 -16.9,
however, is stable and can be purified by column chro-
matography and isolated as a microcrystalline solid, with
an optimum yield of 15% when carried out at 0 °C. This
complex was spectroscopically characterized and has been
fully defined by an X-ray diffraction study (Figure 1).
Two of the three M-M separations are within 3.12 A,
indicating the existence of two metal-metal bonds. For
a noncyclic triosmium system, in which one of the terminal

(3) {(a) Mayr, A,; Lin, Y. C; Boag, N. M,; Kaesz, H. D. Inorg. Chem.
1982, 21, 1704. (b) Jensen, C. M.; Chen, Y. J.; Kaesz, H. D. J. Am. Chem.
Soc. 1984, 106, 4046. (c) Kampe, C. E.; Boag, N. M.; Knobler, C. B,;
Kaesz, H. D. Inorg. Chem. 1984, 23, 1390-1397.
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Os atoms is not bridged by any ligand, as is the case in 3b,
it is normal to have a linear structure (£Os-0s-Os > 169°).4
The structure of 3b, however, is bent. This particular type
of triosmium system, which, to our knowledge, has not
been previously reported, could result from a restricted
exchange process® between Os(CO),I and CO, imposed by
the presence of the carboxamido ligand. The two iodine
atoms in 3b, just as in the linear triosmium system Osg-
(C0O)11,,8 occupy positions far away from each other in
order to minimize steric requirements.

It is clear that complex 3b originates from the oxidative
cleavage of one nonbridged Os—Os bond of complex 1 by
one iodine molecule. From the structure of 3b and stoi-
chiometric considerations, we infer that complex 1 reacts
with 1 equiv of I, to form intermediate 3a, followed by a
reaction with another 1 equiv of I, to yield the two kinetic
products 2-cis and 4-trans. The addition of the first I,
molecule should be limited to the two M-M bonds not
bridged by the carboxamido and hydride ligands. Not only
would the presence of these bridging ligands hinder the
approach of the I, molecule but also the addition of I,
across the bridged M-M bond would result in two seven-
coordinated osmium metal centers and a hydride bridging
the two nonbonded Os atoms, a case that rarely occurs in
osmium complexes.” Furthermore, the entering of iodine
usually breaks a M—M bond and displaces a hydride si-
multaneously.! That the bridging hydride could change
to a terminal bonding mode during the addition of I, is
highly unlikely since the observed hydride peak at 6 -18.2
is within the values for bridging hydrides.?

(4) (a) Willis, A. C.; van Buuren, G. N.; Pomeroy, R. K.; Einstein, F.
W. B. Inorg. Chem. 1983, 22, 1162-1168. (b) Willis, A. C.; Einstein, F.
W. B.; Ramadan, R. M.; Pomeroy, R. K. Organometallics 1983, 2,
935-936. (c) Deeming, A. J.; Manning, P. J.; Rothwell, I. P.; Hursthouse,
M. B.; Walker, N. P. C. J. Chem. Soc., Dalton Trans. 1984, 2039-2045.
(d) Burgess, K.; Holden, H. D.; Johnson, B. F. G.; Lewis, J.; Hursthouse,
M. B,; Walker, N. P. C.; Deeming, A. J.; Manning, P. J.; Peters, R. J.
Chem. Soc., Dalton Trans. 1985, 85-90. (e) Dawoodi, Z.; Mays, M. J,;
Raithby, P. R. J. Chem. Soc., Chem. Commun. 1979, 721-722. (f) Gochin,
M.; Moss, J. R. J. Organomet. Chem. 1980, 192, 409-419. (g) Johnson,
B. F. G.; Lewis, J.; Kilty, P. A. J. Chem. Soc. A 1968, 2859.

(5) Band, E.; Muetterties, E. L. Chem. Rev. 1978, 78, 639.

(6) Cook, N.; Smart, L.; Woodward, P. J. Chem. Soc., Dalton Trans.
1977, 1744,

(7) Deeming, A. J. Adv. Organomet. Chem. 1988, 26, 1.

(8) Ciani, G.; D'Alfonso, G.; Romiti, P.; Sironi, A.; Freni, M. Inorg.
Chem. 1983, 22, 3115.

We assume, therefore, that the intermediate 3a derives
from an oxidative cleavage of the other nonbridged Os—Os
bond of complex 1 (see Scheme I). Complexes 3a and 3b,
obtained from the cleavage of different Os—Os bonds of
the triosmium cluster, show distinctively different chemical
reactivities: while 3b is relatively stable, complex 3a reacts
rapidly with another I, molecule to form the two kinetic
products.

The higher reactivity of 3a could be interpreted as the
activation of the M-M bond that results from the cis-la-
bilizing ability of the oxygen atom of the carboxamido
ligand. Examples illustrative of the CO-labilizing ability
of oxygen donor ligands are found in the literature in-
volving metal carbonyls containing phosphine oxides and
formate ligands.l® Further evidence is provided by the
structure of the phosphine substitution product of the
carboxamido complex, which contains the phosphorus
ligand attached to the metal atom in a position cis to the
oxygen atom. In several complexes of this type, the longest
M-CO separations are also found to be located cis to the
oxygen atom.!? The cis labilization of halide could also
be operative on activating the M-M bond with respect to
I, addition.l® By a comparison of the reactivities of 3b and
3a, however, it is clear that the activating ability solely
derived from the terminal I ligand is not strong enough
to cause the M-M bond cleavage.

In the second oxidative cleavage of the Os-Os bond, I,
is added stereospecifically to give the final kinetic product
2-cis. In both I, additions,!! the triosmium cluster most

(9) (a) Kaesz, H. D.; Saillant, R. B. Chem. Rev. 1972, 72, 231. (b)
Geoffroy, G. L.; Lehman, J. R. Adv. Inorg. Chem. Radiochem. 1977, 20,
189. (c) Humphries, A. P.; Kaesz, H. D. Prog. Inorg. Chem. 1979, 25, 145.
(d) Teller, R. G.; Bau, R. Struct. Bonding 1981, 44, 1. (e) Pearson, R. G.
Chem. Rev. 1985, 85, 41.

(10) (a) Darensbourg, D. J.; Walker, N.; Darensbourg, M. Y. J. Am.
Chem. Soc. 1980, 102, 1213-1214. (b) Cotton, F. A.; Darensbourg, D. J.;
Kolthammer, B. W. S.; Kuddaroski, R. Inorg. Chem. 1982, 21, 1656-1662.
(c) Atwood, J. D.; Brown, T. L. J. Am. Chem. Soc. 1976, 98, 3155-3159,
3160-3166.

(11) (a) Haines, R. J.; du Preez, A. L. J. Am. Chem. Soc. 1969, 91, 769.
(b) Haines, R. J.; du Preez, A. L. J. Chem. Soc. A 1970, 2341. (c) Kramer,
G.; Patterson, J.; Poe, A. J. Chem. Soc., Dalton Trans. 1979, 1165. (d)
Roberts, D. A.; Geoffroy, G. L. In Comprensive Organometallic Chem-
istry; Wilkinson, G., Stone, F. G. A., Able, E. W, Eds.; Pergamon: New
York, 1982; Vol 6, pp 820-821, and references therein. (e) Chisholm, M.
H.; Rothwell, I. P. Prog. Inorg. Chem. 1982, 29, 1. (f) Halpern, J. Inorg.
Chim. Acta 1982, 62, 31. (g) Finke, R. G.; Gaughan, G.; Pierpont, C,;
Noordik, J. H. Organometallics 1983, 2, 1481,
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likely forms an adduct with I, Such a process would
account for the formation of the kinetic products 2-cis and
4-trans. The formation of the kinetic complexes 4-trans
and 2-cis from 3a possibly occurs in two steps. For such
a mechanism, a reductive elimination of HOs{CO),I should
take place in a stereospecific manner and should yield the
kinetic product 4-trans and, concomitantly, the dinuclear
complex Os,(CO)s(OCNHR)(u-I) (5). The concerted ad-
dition of I, across the metal-metal bond of the complex
5 should then produce the dinuclear complex 2-cis. In
support of the proposed mechanism, it is significant that,
in the absence of I,, 3b slowly decomposes in about 20 days,
producing complex 5 in a moderate yield, and that the
reaction of 5 with I, quickly affords 2-cis (see Scheme I).
A single-step process from 3a to 2-cis cannot be ruled out,
even though it is less likely.

In conclusion, the addition of I, to the triosmium cluster
demonstrates the influence of the oxygen atom of the
unsymmetrically bonded carboxamido ligand upon the
cleavage of the Os—Os bond. Moreover, the stereospeci-
ficity of the products provides evidence for a concerted
additions of I,. I, addition to similar clusters with one or
more unsymmetrical bridging ligands is currently under
investigation.

Experimental Section

General Conditions. Standard inert-atmosphere techniques
were used for the manipulation of all reagents and reaction
products. Infrared spectra were recorded on a Perkin-Elmer
Model 983 spectrometer. The 'H and 3C NMR spectra were taken
on a Bruker AM-300WB spectrometer at ambient temperature.
Electron impact mass spectra were recorded on a JEOL JMS
D-300 spectrometer. Solvents were rigorously dried with ap-
propriate drying agents and distilled before use. HOs3(CO)y-
(OCNHR) was prepared by literature methods.!

Isolation of HOs;(CO),((OCNHCHMe,)I; (3b). To a solu-
tion of 373 mg (0.40 mmol) of HOs;(CO),;,(OCNHR) in 10 mL
of acetone, in an ice bath, was added 143 mg of I,. The solution
was stirred at ambient temperature for 4 h, during which time
a white precipitate was apparent. Filtration of the mixture af-
forded 2-cis, as a white powder. The solvent of the filtrate was
removed under vacuum, and the residue was extracted with hexane
(4 X 15 mL). The volume of hexane was reduced to about 5 mL;
then the mixture was passed through a silica gel packed column
by using 30% dichloromethane-70% hexane as the eluent. The
yellow product (second band, 70 mg; 156%) was recrystallized from
hexane. 'H NMR (CDCl,): 4 5.88 (d, broad doublet, 1 H, NH),
4.22 {m, 1 H, CH), 1.18 (dd, 6 H, 2 Me), -16.9 (s, 1 H, hydride).
13C NMR (CDCly): 6 170.51 (carboxamido C), 184.18, 182.76,
176.31, 175.43, 175.38, 169.94, 166.65, 165.13, 163.30, 160.82 (10
terminal CO’s), 44.75 (CH), 23.08, 22.48 (2 Me). IR (yq, in C,Cl,,
cm™): 2125 (w), 2115 (m), 2082 (m), 2043 (s), 2025 (m), 2018 (w,
sh), 2005 (m), 1999 (w), 1986 (w). Mass spectrum: parent peak
observed at m/e 1195; peaks attributed to each of the 10 CO losses
also observed at m/e 1166, 1138, 1110, 1082, 1054, 1026, 998, 970,
942, and 914, respectively. Anal. Caled for 3b: C, 14.08; H, 0.75.
Found: C, 14.39; H, 0.68.

Structure Determination of 3b. Crystals of 3b were grown
from hexane as yellow cubes. The dimensions of the crystal chosen
for X-ray diffraction were 0.50 X 0.48 X 0.38 mm. This crystal
was mounted on a CAD4 four-circle diffractometer, and intensities
were collected for 4 < 26 < 50° according to the methods described
earlier.! The data were processed with the following lattice pa-
rameters: a =9.030(6) A, b=24522(4) A, c=11.783(4) A, 8
= 105.59 (4)°. The space group, based on the systematic absences,
was uniquely assigned as P2;/n. The volume was 2513 (2) A3,
and the calculated density was 3.174 g/cm® Of the total 4708
reflections, 3089 independent intensities having I > 2.5¢(]) were
deemed “observed”, and only these were used in the solution and
refinement of the structure. Data were corrected for Lorentz-
polarization effects, and an empirical absorption correction was
applied on the basis of azimuthal rotation. The iodine and osmium
atoms were located by Patterson methods, and the carbon, oxygen,
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and nitrogen atoms were located by successive electron-density
difference syntheses. Two CO ligands, CO{2D) and CO(3D), and
two iodine ligands were disordered and were refined with partial
occupancies. The structure was refined by full-matrix least squares
with anisotropic thermal parameters for all the non-hydrogen
atoms except those disordered CO’s. The refinement converged
to R = 0.043 and R, = 0.032. All intramolecular bond distances
and angles are within normal ranges except those in disorder.

Isolation of 0s,(CO);(OCNHCHMe,)(u-I) (5). Complex 3b
(30 mg, 0025 mmol), isolated as described above, was stored under
nitrogen in CHCI; for ca. 20 days, during which time transfor-
mation of complex 3b to 5 took place. Complex 5 was also purified
by column chromatography (second band) by using 30% di-
chloromethane-70% hexane as eluent (7 mg, 36%). 'H NMR
(CDCly): 6 5.52 (d, broad doublet, 1 H, NH), 3.97 (m, 1 H, CH),
1.05 (dd, 6 H, 2 Me). 3C NMR (CDCl,): § 185.52 (carboxamido
C), 179.02, 176.66, 176.59, 176.22, 175.90, 174.05 (6 terminal CQO’s)
43.10 (CH), 22.67, 22.36 (2 Me). Mass spectra show a parent ion
envelope (m/e 765) accompanied by six envelopes corresponding
to successive losses of CO from the parent ion.
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Summary: Chemical shift and coupling constant data for
a variety of trimethyl-, triethyl-, and triphenyllead com-
plexes of the transition-metal systems Mn(CO)s, (1°-
CsHg)M(CO),, (M = Fe, Cr, Mo, W), and Co(CO),, and
some of their phosphine-substituted derivatives, are re-
ported. The variations in chemical shift closely resemble
%3n data obtained from a similar, but limited, set of Sn
complexes but are somewhat more sensitive to chemical
substitution on the lead atom. Changes in solvent and
concentration do not produce major changes in chemical
shift, suggesting that neither coordination by polar sol-
vents nor self-association in solution are important in this
series of compiexes.

The synthesis of stable lead—-metal complexes was pub-
lished as early as 1941 by Hein and co-workers! and later
by several other groups.>* In general the complexes re-
ported were stable crystalline materials of limited chem-

(1) Hein, F.; Poblath, H., Heuser, E. Z. Anorg. Allg. Chem. 1941, 248,
84; 1942, 249, 293; 1948, 255, 125.

(2) Gorsich, R. D. J. Am. Chem. Soc. 1962, 84, 2486.

(3) Patil, H. R. H.; Graham, W. A. G. Inorg. Chem. 1966, 5, 1401.

(4) Marks, T. J.; Newman, A. R. J. Am. Chem. Soc. 1973, 95, 769.
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